While the air-water interface over superhydrophobic surfaces decorated with hierarchical micro-or nanosized geometrical features have shown improved stability under elevated pressures, their underwater longevity--the time that it takes for the surface to transition to the Wenzel state--has not been studied. The current work is devised to study the effects of such hierarchical features on the longevity of superhydrophobic surfaces. For the sake of simplicity, our study is limited to superhydrophobic surfaces composed of parallel grooves with side fins. The effects of fins on the critical pressure--the pressure at which the surface starts transitioning to the Wenzel state--and longevity are predicted using a mathematical approach based on the balance of forces across the air-water interface. Our results quantitatively demonstrate that the addition of hierarchical fins significantly improves the mechanical stability of the air-water interface, due to the high advancing contact angles that can be achieved when an interface comes in contact with the fins sharp corners. For longevity on the contrary, the hierarchical fins were only effective at hydrostatic pressures below the critical pressure of the original smooth-walled groove. Our results indicate that increasing the length of the fins decreases the critical pressure of a submerged superhydrophobic groove but increases its longevity. Increasing the thickness of the fins can improve both the critical pressure and longevity of a submerged groove. The mathematical framework presented in this paper can be used to custom-design superhydrophobic surfaces for different applications. C 2014 AIP Publishing LLC.
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I. INTRODUCTION
A hydrophobic surface can be made superhydrophobic by adding microscale or nanoscale geometrical features in such a way that they entrap air when the surface is submerged.
1, 2 There are many potential applications for superhydrophobic surfaces, such as self-cleaning or drag reduction to name a few.
1, 2 A submerged superhydrophobic surface loses its air content due to the dissolution of air in ambient water, or because of excessive hydrostatic pressures.
3-8 Such elevated pressures may also be caused by a droplet falling or evaporating on a superhydrophobic surface.
9-11 The critical hydrostatic pressure-the pressure at which a superhydrophobic surface starts departing from the Cassie state-is often reported as a measure for the quality or wetting stability of the surface.
12-14 To calculate the critical pressure, the balance of forces acting on the air-water interface has been considered in many previous studies. [15] [16] [17] [18] [19] [20] [21] The same approach has also been used to obtain an integro-differential equation for the shape of the interface over superhydrophobic surfaces with complicated geometries.
22-24
The air-water interface that forms an angle equal to the Young-Laplace contact angle with the walls of the groove is considered to be the critical profile, and its corresponding pressure is taken a) Author to whom correspondence should be addressed. Electronic mail: htafreshi@vcu.edu. Tel.: . URL: http://www.people.vcu.edu/˜htafreshi/.
